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ABSTRACT 



BACKGROUND 

Treatment with infliximab, a chimeric monoclonal IgCU antibody against tu-nor ne- 
crosis factor, can resultin the formation of antibodies a^ainstinfliximab. We evaluated 
the clinical significar.i :e of these antibodies in patients with Crohn's disease. 

METHODS 

In a cohort of 125 consecutive patients with Crohn's disease who were treated rvith in- 
fliximab infusions, we evaluated the concentrations of infliximab and of anybodies 
against infliximab, cl i ileal data, side effects (including infusion reactions), and the use 
of concomitant mediations before and 4, 8, and 12 weeks after each infusion. 

results 

A mean of 3,9 infusions (range, lto 17) per patient were administered over a mean pe- 
riod of 10 months. Antibodies against infliximab were detected in 61 percent of pa- 
tients. The presence o f concentrations of 8.0 ug per milliliter or greater before ;in infu- 
sion predicted a shorter duration of response (35 days, as compared with 71 days among 
patients with concentrations of less than 8.0 yg per milliliter, P<0,001) and a higher 
risk of infusion reactions (relative risk, 2.40; 95 percent confidence interval, 1.65 to 
3.66; P<0.001). Infliximab concentrations were significantly lowerat four weeks among 
patients who had had in infusion reaction than among patients who had never had an 
infusion reaction (mfrilian, 1,2 vs. 14.1 yg per milliliter; P<0.001). Patients who had in- 
fusion reactions had a. median duration of clinical response of 38.5 days, as compared 
with 65 days among patients who did not have an infuf-ion reaction (P<0.001l, Con- 
comitant immunosuppressive therapy was predictive oflow titers of antibodies against 
infliximab (P<0.001) and high concentrations of infliximab four weeks after an infu- 
sion (P<0.001). 
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CONCLUSIONS 

The development of ar tibodies against infliximab is associated with an increas ^d risk 
of infusion reactions and a reduced duration of response to treatment. Concomitant 
immunosuppressive therapy reduces the magnitude of rite immunogenic respo ise. 



EXHIBIT A 
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INFLIXIMAB (REMJCADS, CENTOCOfl), A 
chimeric monoclonal IgGl antibody against 
tumor necrosis factor, has been approved for 
the treatment of moderate-to-severe Crohn's dis- 
ease in paiients who have an inadequate response 
to conventional therapy and for the management of 
enterocutaiicous fistulas, A single intravenous in- 
fusion induced a response at four weeks in 50 to 81 
percent of patients with refractory luminal disease 
and induced remission in 25 to 48 percent, 1 The re- 
sponse can be maintained with repeated infusions, 2 
In patients with fistulteing disease, four week* after 
the last of nree infusions, at weeks 0, 2, and 6, 38 
to 55 percent of fistulas had completely closed, and 
the median duration of response was 90 days. 3 Cli- 
nicians often re- treat patients with infliximab after 
a relapse. 

Infliximab therapy can result in the formation 
of antibodies against infliximab. The presence of 
these antibodies has been associated with infusion 
reactions in 6-9 to 19 percent of patients.*-* 1 These 
antibodies ;:iay also have shortened the duration of 
effect of rep i rated infliximab treatments. We smdied 
the relation between antibodies against infliximab 
and postin fusion infliximab concentrations, the 
clinical efTczt of infliximab, and infusion-related 
side effects, In addition, wc investigated risk factors 
for the formation of antibodies against infliximab. 

METHODS 



PATIENTS 

We studied J 25 consecutive patients with refractory 
luminal or Ustulizing Crohn's disease who were 
starting treaiment with infliximab between Decem- 
ber 1998 and July 2000. All patients signed an in- 
formed-con ;»ent form describing procedures for 
safety follow-up. The study was approved by the 
institutional review board. 

Patients were treated for active luminal disease 
wj th a eingk intravenous infusion of 5 mg of in flix- 
imab per kilogram ofbody weight and for draining 
fistulas with 3 series of three infusions of 5 rag per 
kilogram, at *eeksO, 2, and 6. If a patient had a re- 
sponse, therapy was repeated on relapse of the dis- 
ease. The de: is ion to re- treat was made by an expe- 
rienced clinician when relapse was apparent as a 
result of increased diarrhea, increased abdominal 
pain, and decreased well-being. Infusions were ad- 
ministered under close supervision by a specially 
trained nursi; at an infusion facility. An infusion re- 
action was d: fined as any significant adverse event 



that occurred during the infusion or within two 
hours afterward. 10 When an infusion reaction oc- 
curred, the infusion was stopped and restarted at a 
slower rate. If the symptoms recurred, 100 mg of 
intravenous hydrocortisone and 50 mg of intra- 
muscular promethazine were given. This regimen 
was then given prophylacticaJly 30 minutes before 
each subsequent infusion. Concomitant medica- 
tions includingimmunosuppressive agents and cor- 
ticosteroids we re used as indicated to control bowel 
disease. Treatment with immunosuppressive agents 
consisted of azathioprine (2.0 to 2.5 mg per kilo- 
gram per day), nercaptopurine (1.0 to 1.25 mg per 
kilogram per day), or methotrexate (15 mg intra- 
muscularly one-; weekly) for a median of9. 5 months 
(range, 2 to 84) before infliximab therapy began. 

EVALUATIONS 

All patients were evaluated before and every four 
weeks after ea;h infusion, and side effects, in- 
cluding early reactions (infusion reactions) and late 
reactions (rash, arthralgia, fatigue, myalgia, and in- 
fluenza-Iike symptoms), were recorded. Concen- 
trations of infliximab and antibodies against in- 
fliximab in sea m were measured at each visit and 
before each inf rsion. Each serum sample was as- 
sessed for infliximab and antibodies against inflix- 
imab in duplicate in a blinded fashion by Pro- 
metheus Laboratories? the values reported are the 
means. The infliximab assay was a microplate en- 
zyme-linked immunosorbent assay in which inflix- 
imab bound to i mmobUized tumor necrosis factor 
a is detected with horseradish peroxidase-conju- 
gated antihumaa IgG (Fc-specific). The cutofTvaJ- 
ue, which was based on the mean (+3 SD) value in 
serum samples from 40 patients who had never re- 
ceived infliximab, was 1.40 pg per milliliter. Con- 
centrations belcw the cutoff value are reported as 
negative. In the case of 1-40 samples, concentrations 
greater than 20 fig per milliliter were reported as 
21 pg per milliliter. 

The assay for antibodies against infliximab was 
a micropJate enzyme-linked immunosorbent assay 
based on the dou ble-antigen format in which inflix- 
imab is used bot 1 during the solid phase to capture 
antibodies again.it infliximab and during the biorin- 
ylated detection phase with Neutravidin-borserad- 
Ish peroxidase. The value is reported in micrograms 
per milliliter on the basis of calibrations made with 
arrlnity-purified polyclonal rabbit antimouse IgG 
P(ab'). The mean cutoff value in serum samples 
from 40 patients who had never received infliximab 
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was 1.69 fjg per milliliter. Antibodies against in- 
fliximab were repon:.;d as negative when the con- 
centration was less than 1,69 per milliliter and 
the serum infliximab concentration was Jess than 
1.40 fig per milliliter ;md as indeterminate when the 
concentration waslesn than 1.69 f/g per milliliter but 
the infliximab concentration was 1.40 pg per milli- 
liter or greater. Because infliximab interferes with 
theassay, these value* cannot be conclusively deter- 
mined* The antibody I est was considered to be pos- 
itive when the concentration exceeded 1.69 Jig per 
milliliter and the infliximab concentration was less 
than 1.40 per mill iter, 

STATISTICAL ANALYSES 

Patients were included in efficacy analyses if they 
had an initial clinical i.-esponse and if they required 
farther infusions for a<;tive luminal disease. Patients 
who underwent surgery and patients in whom the 
interval between info; ions exceeded 20 weeks were 
excluded from the analysis. Patients with fistulas 
were included only if they required repeated infu- 
sions for active luminal disease after the initial three 
infusions. All serum s-imples with an indeterminate 
value for antibodies a*; ainst infliximab were exclud- 
ed from the analyses of antibodies against inflix- 
imab. The use ofazatJi ioprine, mercaptop urine, or 
methotrexate was con : idered as a single risk factor. 

Wc used SAS software (version 6.12, SAS Insti- 
tute) forail statistical analyses. Possible associations 
between two binary var ables were assessed with use 
of the relative risk and corresponding 95 percent 
confidence interval. Analysis of variance was used 
for the analysis of con tinuous outcome variables 
with discrete exploratory variables. TheTukey mul- 
tiple-comparison procedure was used to evaluate 
the statistical significance of a set of multiple 
comparisons. We used a generalized linear model 
to evaluate the simulfc. fieous effect of two or more 
factors on the response variables. In some sub- 
groups, we applied a nonparametric procedure 
(nonparametric one-way analysis), because of the 
small number ofpatieas. The KruskaMYallis test 
was used to evaluate whether groups came from the 
same population. To investigate the relation be- 
tween the duration of response and the concentra- 
tion of antibodies against infliximab as well as in- 
fliximab concentration,*, we used multiple linear 
regression analysis. The manufacturer of infliximab 
had no input into the design of the study, data analy- 
sis, or manuscript preparation. The analysis of the 
manufacturer's safety data was performed inde- 
pendently by the author. 



RESULTS 



The characteristics of die 125 patients and their 
concomitant therapies are shown in Table l. The 
median follow-up was 36 months (range, 25 to 48). 
Tiiirty-eightof the 125 patients (30 percent) received 
trratmentfora fistula ; and a total of 89 patients (71 
percent) had a response to infliximab treatment 

ANTIBODIES AGAINST IN/LIXlMAB 

At base line no patient trs ced positive for antibodies 
against infliximab. After the fifth infusion, 76 pa- 
tients (61 percent) had detectable antibodies (Fig. 
1A). The incidence did nc t increase further with re- 



Tjble 1. Demographic Characterise* ofthe 125 Pttifrnts. 



Characteristic 

Ft*/nalo sex — no. of patients \%) 

Age — yr 
Mean 
Range 

Type of disease — no. of patients (96) 
Ileitis 
Ileocolitis 
Colitis 

Ulcerative coMUs— like 
Indeterminate 

Smoking status — no. of patients, [%) 
Currant 
Former 
Never 
Unknown 

Concomitant medications at ec try — no. of patients [%) 
Corticosteroids 
immunosuppressive agent; 

A2&rhioprine or mere4p;opurine 
Methotrexate 
Mesalamine 
None 

Crohn's D |seu 5 c Activity Index st first infusion* 
Mean 
Range 

C-iaactive protein at first infusk 1 — mg/liter 
Mean 
Range 

Active luminal disease at inclusi an — no. of patients (%) 

Aet.ve draining fibulas — no, patients {%) 

No. of infusions per patlentt 
Mean 
Range 



Value 
82 (66) 



35 

v-n 



34 (27) 
SO (48) 
22 (1?) 
«(5) 
3(2) 



43 (34) 
9(7) 
49 (3d) 
24 (19) 



53 (42) 

56 (45) 
3 (3) 
50 (40) 
IS (14) 



260 
0-S?5 

27.8 

0- 163.4 

57 (70) 
38 (30) 

3.9 

1- 17 



r Scores for the Crohn's Disease Activity Index can range from 0 to 6O0, 
scojcs Indicting more severe illness. 
• Infusions were given over a mean period of 10 months. 
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figure L Cumulative Incidence of Antibodies gainst In- 
fliximab (Parte! A) and. of Infusion Reaction* (Panel 0} In 
the Study Cohort 

Antibody oo,' centra tions were measured at base line and 
at regular intervals during follow-up, beginning after the 
first Infusion among patients with luminal disease and 
the first serks of three infusions among patients with 
fistulizing disease and before each subsequent Inflix- 
imab infusfen. 



peated infusions. The serum concentrations of an- 
tibodies against infliximab had two clusters that 
could be sep;iratcd with the use of 8.0 ug per milli- 
liter as a cum ff value; 46 of the 125 patients (37 per- 
cent) had a tiler of 8.0 ug per milliliter or greater. Pa- 
tients who were taking immunosuppressive agents 
had a lower incidence of antibodies than patients 
who were not taking immunosuppressive agents: 
43 percent (24 of 56), as compared with 75 percent 
(52 of 69) (1><0.01). Immunosuppressive agonts 
also protected again6t high titers of antibodies. 
Among patients taking immunosuppressive agents, 
as compared with those who were not taking im- 
munosuppreisivc agents, the relative risk ofanti- 
body concentrations of 8.0 ug per milliliter or great- 



er was 2.40 in t ic group without fistulas (05 percent 
confidence inierval, 1.56 to 3.65; P^O.001) and 
2.85 in the group with fistulas (95 percent confi- 
dence interval, 1.54 to 5.25; P<0,001), Among pa- 
tients who were not taking immunosuppressive 
agents, the median concentration of infliximab an- 
tibodies was 13 .8 ug per milliliter in the group with- 
out fistulas (95 percent confidence interval, 7.9 to 
16.2) and 21.4 ug per milliliter in the group with 
fistulas (95 percent confidence interval, 13.2 to 

24.5) . Among patients who were taking immuno- 
suppressive agt-nts, the concentration of antibodies 
against infliximab was 1.3 pg per milliliter (95 per- 
cent confidence interval, 0.6 to 3.2) in the group 
without fistulas and 1.5 ug per milliliter (95 percent 
confidence inte rval, 0.4 to 8.8) in the group with fis- 
tulas (P<0,001 i?y the Kruskal-Wallis test) (Fig. 2). 

We found no association between antibodies 
against infliximab and sex, the location of disease, 
smoking status, or the use of mesalamine or corti- 
costeroids at die time of an infliximab infusion. 
There was a wsak positive relation between the 
three-infusion ,:egimen (used at 0, 2 t and 6 weeks 
in patients with a fistula) and the development of 
antibodies against infliximab (P=0.04). 

The cumulative incidence of infusion reactions 
was 27 percent No reactions occurred during the 
first infusion, hi t the incidence increased during the 
subsequent infusions (fig. IB), There was a strong 
relation between the concentration of antibodies 
against infliximi'b and the occurrence of an infusion 
reaction. The median concentration was 20.1 ug 
per milliliter (95 percent confidence interval, 3,0 to 

22.6) at the time ofa first infusion reaction, as com- 
pared with 3.2 jig per milliliter (95 percent confi- 
dence interval, 1.6 to 4.9) among patients without 
an infusion reaction (P<0.001) (Fig, 3A). Concentra- 
tions of 8 ug per milliliter or higher predicted a high- 
er risk of infusion reactions (relative risk, 2.40; 95 
percentconfider.ee interval, 1.65 to 3.66; P<0. 001). 
Influenza-like re actions, arthralgia, rashes, fatigue, 
and myalgia wer»: not related to the dcvelopmentof 
antibodies against infliximab. 

We chose the - ime to the next infusion as a meas- 
ure of the duratbn of response. There was a dear 
negative relation between the concentration of an- 
tibodies against, nfliximab and the duration of the. 
response to infliximab (P<0.001). Antibody concen- 
trations of 8.0 ug per milliliter or greater were pre- 
dictive ofa shorter duration of response. The me- 
dian duration of he response among patients with 
antibody concern rations below 8.0 ug per milliliter 
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Figure V Relation 1^ worn Concentrations of Antibodies 
ftgairut Infliximab and tt-a Use of Immunosuppressive 
Therapy among Patient* without Fistulas (Panel A) and 
Patients with Fistulas (Piind B). 
The box plots show the median values and the first and 
third quartiles fn each group. The T bars represent the 
rest of the dats with a maximum of 1.5 times the Inter- 
quartile range. Concertfntions of antibodies against In* 
fliximab were significant^ lower (P<0,0Ql) among 
patients who were taking asathioprine, mercaptqpurine, 
or methotrexate than am >ng patients who were not re- 
ceiving fmmunosuppresiiva therapy. 



was 71 days (95 percent confidence interval, 57 to 
88), as compared with 35 days (95 percent confi- 
dence interval, 28 to 42) among those with anti- 
body concentrations of 8. 0 pg per milliliter or more 
<P<0.001) (Fig. 4). 

t N FLJX| MAO CONCPNTIIATIONS 

Asignificantrel3donw;Dsfound(R 2 =0.34 ) P<0.001) 
between the serum in fliximab concentration at 
week 4 after an infusion and the concentration of 
antibodies against infliximab before that infusion. 
The overall median infliximab concentration four 



w^eks after an infusion ,vas 12.0 (Jg per milliliter. 
As compared with patien s who were not taking im- 
munosuppressive agents , patients who were taking 
immunosuppressive agents were more likely to have 
infliximab concentrations of more than 12.0 yg per 
milliliter (relative risk, 1. 33; 95 percent confidence 
interval, 1.40 to 2.60). In 1 logistic-regression anal- 
ysis of variables that ware predictors of an inflix- 
imab concentration of more than 12.0 pgper milli- 
liter, including sex, type of disease, fistula treannent 
regimen, the number of infusions, and die use of 
corticosteroids, mesalanine, or immunosuppres- 
sive agents, only the usi? of immunosuppressive 
agents was significant (P<0.001). 

Infliximab concentrations four weeks after an in' 
fuiiion were significantly lower among patients with 
a first infusion reaction than among patients who 
had never had a reaction (1.2 |ig per milliliter vs. 
14.1 jig per milliliter, P<C .001). Once patients had 
had an infusion reaction :hey received prophylaxis 
consisting of hydrocortisone and promethazine be- 
fore subsequent infusions. Among patients who 
had no further reactions while receiving prophylax- 
is, concentrations stayed high at four weeks (medi- 
an, 12.9 ug per milliliter; 95 percent confidence 
interval, 1.9 to 2l.O). Infliximab concentrations, 
however, were almost undetectable (1.0 jig per mil- 
liliter; 95 percent confidence interval, 1.0 to 1.9; 
P=Q.01) among patients who had another reaction 
despite receiving prophylaxis (Fig. 38), Once an in- 
fusion reaction occurred, toe median duration of re- 
sponse to an infusion was shorter: 38.5 days (95 
percent confidence interval, 34 to 51), as compared 
widi 65 days (95 percent confidence interval, 56 to 
71; P<0,001). This shortened response persisted 
during further infusions irrespective of whether 
infii sion reactions could bi* prevented with prophy- 
laxis (median, 42 days; 95i percent confidence in- 
terval, 34 to 56) or not (median, 29 days; 95 percent 
confidence interval, 24 to :.06; P-0.17) (Fig. 3C). 

The infliximab concentrations at four weeks 
were positively correlated .vith the duration of the 
response. Patients with infliximab concentrations 
ofl 2.0 jig per milliliter or greater had a median d u- 
ration of response of 81.5 days (95 percent confi- 
dence interval, 68 to 98), as compared with 68.5 
day* (95 percent confidence interval, 52 to 77) 
among patients with infliximab concentrations of 
less than 12.0 jig per milliliter (P<0.01). Logistic- 
regression analysis showed that the presence of 
antibodies against infliximab was independently 
associated with a shorter duration of response 
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(P<0.001 the Kruskal-WaJlis test), whereus the 
use of immunosuppressive agents (P=0.58> and 
the infliximab concentrations (P=0.70) were not. 



DISCUSSION 



Infliximab has become common treatment for re- 
fractory Crohn's disease. Our data show that the 
development of antibodies against infliximab cor- 
relates with an increased risk of infusion reactions 
and with a shorter duration of response owing to 
lower infliximab concentrations. Our data suggest 
diattreatmcntwirh immunosuppressive agents pre- 
vents infusion reactions and helps maintain clinic 
caJ efficacy. 

Several (iictors could account for the high inci- 
dence of ani:. bodies against infliximab in this cohort 
of patients, Since serial measurements were ob- 
tained in patients who were treated intermittently, 
the longer i .nervals between treatments afforded 
more oppor unities to measure antibodies without 
the confounding presence of infliximab in the se- 
rum. All patients in the Anti-Tumor Necrosis F;ictor 
Trial in Rheumatoid Arthritis with Concomitant 
Therapy study of rheumatoid arthritis 11 and most 
patients ind:e ACCENT (A Crohn's Disease Clinical 
IriaJ Evaluaung Infliximab in a New Long-Term 
Treatment E.egimen) study of Crohn's disease 4 re- 
ceived infliximab every eight weeks. Less than half 
the padents in our cohort were taking immunosup- 
pressive agents, in contrast to the studies of rheu- 
matoid arthritis, in which all patients were taking 
methotrexate maintenance therapy. 10 The assays in 



Figure 3. Cor- rentration* of Antibodies against Infliximab 
Immediately tefbrean Infliximab Infusion (Panel A), In- 
fliximab CorKwitrationt Four Weeks after the Infusion 
(Panel BJ, an>: the Duration of Response (Panel C), A* 
cording to thJ Occurrence of Infusion Reactions. 
Box plot* sh^v the median values and thff first and third 
quartiles In each group. Tho T bars represent the rest of 
the data with ;i maximum of 1.5 times the Interquartile 
range. The rmdian antibod/ concentration in the group 
with no infus.on reactions differed significantly 
(P<0.001) frorn the median values In tho three other 
groups. The rt edian infliximab concentration in the 
group with no Infusion reactions and the group with no 
further roactioas after prophylactic therapy differed sig- 
nificant*/ (P<0.001) from the median values In the oth*r 
two groups. The median number of days until the subse- 
quent Infusion in the group with no infusion reactions 
differed signifi;antly (P<0.001) from the median valuei 
in the three other groups. 
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out studies were periormcd at Prometheus Labora- 
tories and differed from the assay used by Cento- 
cor. 4 A formal comparison of the two assays is war- 
ranted , but it is unJiko ly that differences in methods 
wiU account for the differences in the incidence of 
antibody posiefvity. 

The results of measurements of antibodies 
against infliximab in. scrum samples obtained be- 
tween mflixuTtabinru:iionsareoftcn indeterminate. 
Wc therefore investigated whether measurement of 
the infliximab concentration four weeks after an 
infusion provided more reliable results. Although 
there was a clear relation between infliximab con- 
centrations and the duration of response, this cor- 
relation was not stronger than the correlation be- 
tween the antibody concentrations and the duration 
of response. 

A clear message from our study is that immuno- 
suppressive treatment: prevents the formation ofan- 
b bodies against infliximab, thus reducing the inci- 
dence of infusion reactions'! and increasing the 
duration of response, infusion reactions are impor- 
tant immunologic events induced by the presence 
of a substantial concentration of antibodies against 
infliximab in the serui:i. After an infusion reaction, 
infliximab disappear;; quickly from serum and is 
undetectable fourwee.es after an infusion. Once an 
infusion reaction occurred, the duration of the re- 
sponse to subsequent infusions decreased. Since 
antibodies develop soon after the initial infusion in 
most patients, we think immunosuppressive ther- 
apy should be instituted before infliximab therapy 
is started to prevent tb<: formation of antibodies and 
improve the duration uf response to the drug. 

whether any one of the immunosuppressive 
agents — azathioprine, mercaptopurine, or meth- 
otrexate — provides greater protection against im- 
rnunogenkity remain;; to be determined. A drug 
interaction between methotrexate and infliximab 
has been proposed. 12 Although the maximal serum 
concentrations of infli:dmab arc the same with or 
without concomitant methotrexate therapy, the rate 
of disappearance of irdbciraab was slower in one 
study among patients vho were taking methotrex- 
ate than among those who were receiving infliximab 
alone, 12 » 13 To ovcrcom v the immunogenicity prob- 




Undetectable 



l.y-7.9 Mg/mi 8.0-20,0 ^s/ml 
Antibodies against Infliximab 



>20.0^g/rnt 



Figure 4. Duration ofRaspor^e According to the Concentration of Antibodies 
against Infliximab before an Infusion. 

Box-plots show the median s alues and the first and third quartiles in each 
group. TheT bars represent :he rest of the data with a maximum of 1,5 times 
the Interquartile range. The f :>ur categories can be divided'ln two groups; the 
first two categories have concentrations of antibodies against infliximab of 
less than 8.0 ^if per milliliter and the last two have concentrations af 8.0 p% 
fwr milliliter or greater. The nedian duration of response in the first two 
groups differed significantly ■ P<0.001) from the median duration of response 
In the groups with titers of 8.0 per milliliter or higher. 



lerri, humanized and human antibodies have been 
engineered and studied in several diseases, includ- 
ing Crohn's disease."' 1 * further studies will show 
whether these antibodies arc associated with a re- 
duced incidence of immunogenicity and an in- 
creased ratio of efficacy to safety. 
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